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By which the moſt uſual Propoſetionsin 
Aſftronemy, Navigation , and Diallingare facily 
formed: Alſo, a further uſe of the ſaid Scales in 
+ delineating of far declining Dials ; and of 
thoſe. that Decline and Recline 
three ſeveral! wayes. 


With the delineating of all Horizontall Dials, "Ie © 


30 and60 gr. of Latitnde, without drawing any lines 
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FosTER deceaſed) containing in 
It the Deſcription and Uſe of certain 
Lines to beput upon a ſtreight Ru- 
ler, in the ready ſolution of many) 
neceflary Queſtions , as well Geome- 
tricall, as belonging to Aſtronomie, 
Navigation, and Uialling. 

Wee ſhould not thus haſtily have 
thruſt this into the orld without 
its fellows, had wenot been afluredly 
informed that ſome people , greedy 
rather of 1njuſ# gain to themlelves, 
then with honeſty to ſit (till, had pre- 
paredone for the Preſſe, from a ſprt- 
rious and imperfect Copie, both to the 
abuſe of thee , and diſcredit of the in- 


Inftrione Author: who had he thought 
ſuch 


RraDer. 


ſuch things as theſe worthy bim or the 
Preſſe, could have daily cram'd thee 
withthem , to his own loſle of tim?, 
and thy ſatzety. However, ſuch as it 
now 1s, we aflure thee was his «wn, 
and doubt not, but thou wilt finde 
it pleaſant in the xſe, profitable to thee, 
and portable in it ſelfe, 

Wee thought fit farther to adver- 
tiſe thee, that there are abroad in par- 
ticular hands ,imperfef Copies of ſome 
other T reatiſes of the ſame Author : 
Namely, Ancaſie Geometrical way 
of Dialling. Another moſt eaſze way 
to projet hrure-lines upon all kinde 
of Superficies, without reſpec had to 
their ſtanding, either in reſpef of De- 


clination 
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To Tre - 


clination or /nclination. A Quadrant 
fitted w'th lines for the ſolution of 
moſt Queſtions of the Sphere : with 
ſomeother things of the like nature. 
We fear leaſt fenifter ends of ſome 
mean Artiſts, or ignorant Mechanicks, 
(for thoſe of ingenutty in whoſe bands 
they may be,we no way diſtruſt )may 
engage them to father theſe things as 


their own,or at leaſt under the Authors 
name put out lame and imperfec? Co- 


- pies of otherwiſe good things: Topre- 


vent which we givetbee this timely no- 
tice,afluring thee, thar theſe, together 
with divers other pieces never yet ſeen, 
except by very few, and if we deceive 
not our ſelves ,of much greater weight, 

are 


aremaking ready tor the Preſſe by the 
Authors approbation,and from bis own 
Copie 1n our command , with his other 
papers, of which thou ſhalt be made 
partaker within few moneths, In the 
mean time, we deſire thee not to, loſe 
thy time 1n reading, or money in buying 
any the forementioned 7 reatiſes put 
out by any other , either under thetr 
own, or our Authors name , except ' 
ſuch as ſhall be atteſted by me,who am | 
one of thoſe intruſted for that purpoſe, 
and who ſhall be ever ftudious of thy 
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The deſcription of the 


Scales on the Ruler, 
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T Here areg Scales upon the Ruler. 
1. Of Inches or equall parts, 

2. Of Aorizonrall ſpaces: with 

3. AScalcof 60 Chords fitted 
t0 the ſame Radius, proper 10 that 
Horizontall Scale. 

4. A Scale of Sines, t8 4 Radins 
- of two Inches, 

5. A Scale of Secants : and 

6. Of Tangents, both of the 
ſame Radirs with the Sines, 
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7. A little Scale of 60 Chords, 
of the ſame length with the common 
Radix of Sines,Secants, Tangents, 
and common in uſe to them all. 

8. A large Scale of Verled- 
Sines of the whole length of the Ru- 
ler, with a Lodiac annexed to it. 

9. A Scale of unequall parts di- 
vided iuto go, noted with ©, of two 
Inches Radins as the line of Sines, 
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Vſes of the Scarts on the 
RuLrsR. 


CHAP. I. 


Of the Scale of equall parts. 


LE ACIBHe Scale of Inches is a Scale of 
BO cquall parts, and will performe 
4a} (by protraction upon paper) ſach 
Ak D, P concluſions as are uſually wrought 
Ig E342) in Linesand Numbers,as in Maſter 

en 8 Gunters 10, Prop. 2. Chap. Settor, 
may beſeen, and in others thar have Witten in the 
ſame kinde. 


An Example in Numbers like his 10". Prop. 
As 15-105, So 7 to what ? 


' Here, becauſe the ſecond terme is' lefle than the 
B firſt 


The manner of working Propertions Chap. 


firſt, upon the line A B, I ſer A C the firſt terme 
15, and A D the ſecond terme 5, both taken our of 
the Scale of equall parts. Thence alſo the third 
number 7 being taken, with ir (upon the center C) 
I deſcribethearke E F, and from A, draw the line 
AE, which may only touch that ſame arke. Then 
from D, I take D G, the leaſt diſtance from the 
line AE, and the ſame meaſured in theſame Scale 
of equall parts, gives 23 , the fourth rerme re- 


quired. 
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Bur if your ſecond terme ſhall be greater than 
the firſt, chen the form of working muſt be chang- 
ed, asin this Example. 


As 5 to 15, So:20 to- what? 


Upon the line AB, I ſet the ſecond terme 15, 
which here ſuppoſerobe A D: then with the firſt 
rerme 5, run thecenter D, I'deſcriberhe arke GH, 
and draw A G that may juſt rouch it. Again, ha- 
ving taken 20 the third rerm, our of the ſame Scale, 
I {cr one foot of that extent upon the line A B, re- 
moving it till ic fall inco ſuch a place, asthatthe 


—_ 


Chap. I. by the line of equal parts . 


other foot being turned abour will juſtly rouch the 


line A G before drawn, and where (upon ſuch con- 
ditions) it reſteth, I make the point C. Then mea- 
ſuring AC upon your Scale, you ſhall finde ir to 
--—o parts, which is the fourth number re- 
vired. 

, The form of work (though not ſo Geometricall) 
js here given becauſe ir is more expedite than the 
other by drawing parallel lines. Bur in ſomepra- 
Riſes, the other may be uſed. 

I bave been the more large uponthis, becauſe the 
ſolutions of proportions which follow muſt bere- 
ferred hither, the forme of their operations being the 
ſame with this. In them therefore ſhall only be 
intimated what muſt be done in generall, the par- 
ticular way of working being here explicared. 


Re 


CHAP, II. 


Of the Scales of Chords. 


He Scales of Chords are to protraft and 
meaſureangles. The manner how they muſt 
be uſed is well enough known. 

Only note here, that = may make the line of 
Sines, the line of Verſed Sines, or the Zodiacke, 
(beginning ar the middleof theſe rwo laſt mention- 
ed) roſerve for Chords of ſeverall extents, if you 
count each halfe degree for a whole degree , and fo 


double allthe n rs, accounting 10 to be 203 


and 3otobe6o, 45 tobe go, &c, By this you 
B 2 are 


: The joynt uſe of equall parts and Chords Chap. 3, 


are fitred with ſeverall Scales of. Chords. whictr ate 
of different lengths, and may be uſed, each ofrhem, 
as occaſion ſhall require. And (by the way) the 
Verſed Scale being taken for Chords , it will be. of 
the ſame Radius or lenge withthe Sines, Tangents 
and Secantsand ſo will protrat Angles to a Circle 
of their Radius, which is uſefull in ProjeRions, and 
many other things : and ſo the little Scale of 60 
Chords might be ſpared. 


CHAP. 111. 
T he joynt uſe of equal! parts and 


Chords. 
Be theſe two together , may be reſolved all 


Caſes in Plaine Triangles without proporti- 
onall work , if-che three quantities given be 
protracted by, help of theſe. rwo Scales. For their 
principall uſes are to meaſure lines and angles, 

Here muſt be remembred. Firſt, that if che three 
angles alonebegiven, then will the proportions on- 
ly of the {ides be found, but nor the ſides themſelves. 
Secondly, that if rwo angles be known, then is the 
third alſo known, becaulc it is the reſidue of the 
ſum of the other twoto 180 gr, 

| One caſe whichis of frequent uſe may here be 
given foran example. In menſurations of diſtances 
of places (as Towns or Forts) thereare uſually rwo 
(tations, taken as A and B,. whoſe diſtance. A B 
ſup- 
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Chap.z . in the dimenſion of Triang/oe> 


ſuppoſe known, 300 feet, and the two angles adja- 
cent, at Ao gr. at B60 gr, knownallo by ob- 
ſervation. To finde theorher fides, draw A B, and 
uponir ſer 300 being taken from the Scale of equall 
parts, 


Thenwith a lineof Chords protra@ the angles 
at A and Baccording totheir known quantities, ſo 
ſhall the two legges of the ſame angles meet at C : 
Anditthe length A Cberakenand meaſured upon 
your Scale of cquall parts, the ſame will ſhew abour 
1004, intimating that C is from A 1004 feer. So 
again B C being meaſured in the ſame Scale will 
give 1120 ; ſhewing that.from B ro Care abour 
1120 fcer, 

In this manner may. perpendicular altitudes (as 
of Towers or ſuch like) be meaſured, though no 
acceſle can be had rothem; and that much better 
than by che Geometricall Square. For it is not 
here requiſite that the ground whereon the menſu- 
ration is made, ſhould belevell, as it you work by 
the Square it is moſt commonly required , neither 
are you tyed to right angled Triangles here,as there 
youare, As for example, 

If 


nf nerpendicules Altitudes. 


If one ſtation be at A, and the other at B , you 
may, by theprecedent work get the diſtance A D. 
Thea and at A)obſerve thealticude of C, the 
complement of that altitude givestheangle A _ 


Chap. 4. of the Scales of Sines, Tangents, and Secants, 7 


And again from A, if you obſerve the alticude of D, 
the difference of theſe gwo altitudes obſerved, gives 
the angle CAD. Or if D had « conn lower 
then your ſtation, then the ſumme of yourrwoob- 
ſerved altitudes had made theangle C A D. How- 
ever, you have now the three angles and fide A D, 
you may therefore, by help of them, finde the 
length of CD. 

nſuch manner may all caſes in plain Trigonome- 
try be reſolved. 
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CHAP. IV. 


Of the Scales of Sines, Secants, and. 
T angents. 


Heſc being joyntly uſed with a Scaleof c- 

quall parts, will reſolve- all things in plain 

Triangles , by workingſuch proportions as 
are uſually given for that ſc. The manner of 
the work may be gathered by the formerdelineati- 
oh in the x Chapt, Forif AC and AD had 
been taken our of the Scale of Sines, or Tangents 
or Secants; and C E, D G, out of the Scale of equal | 
pony then had the work been reſolved in Sines _ 
c parts, or Tangents and | parts, &c. And 
7. this kinde of wack will —_ the quantity re- 
quired; alchough there be no delineation of the parti- 
cular parts of the Triangle, as was before done by ' 
procraQtion, By 


—_— 


$8 Of proportions in Sines, Tangents, aud Secants. Chap.g. 


— — 


By theſe ſame three Scales of Sines, Tangents, 
and Secants, may be wrought all things pertaining 
to Sphericall Triangles. That is to ſay. 


1. Proportions in Sines alone. 
2. Proportions inT angents alone. 
3: Proportions in Secants alone. 


4. Proportions in Sines and I angents 


By natirall Sines and T angents. 
togetber 35 © and Verſed- Sines. 


5. Proportions in Sines and Secants 


togetber. 
6. Proportions inT angents and Secants 
together, 


AnExamplein Sines alone 


What Declination ſhall the Sun have in the 
10 gr. of Aries? 

Upon theline A B (ſee Chap. 7.) ſet the Radius 
or Sincof go A C: and make A D equall to the 
Sine of 10 gr. (which is the Suns diſtance from the 
next Equinoiall point.) Then wirh the Sine of 
2 3x (taken out of theſame Scale of Sines) upon the 
center C, deſcribethearke E F; ro which, from A, 
draw the Tangent line A E. Laſtly, from D, to 


this line A E,takethe leaſt diſtance , the ſame mea- 
| ſured 


fs 


Is 


Ls 


Chap.s. af Nevigetion, 


ſured in the line of Sincs, gives about 4 gr, for the 
declination required, 
The proportion that is here wrought ſtands thus. 


As the Radius, tothe Sineof 23;; 
So the Sine of 10, tothe Sine of 4 gr. 


The like manner of work is tobe uſed in Sines 
and og os (or any ofthe other two) joyned to- 
gether, if it be remembred thar the greater terms be 
kept upon theline A B; as was before preſcribed in 
the firſt Chapter. 


bhobobcbebddh dt di dd, 
CHAP. V. 
OF NAVIGATION. 
Some things in this kinde will be per- 
formed wery conveniently by theſe 
lever As, 


Sv Er. @. 

To make a Sea-chart after Mercators 
projetion. 

A Sea-chart may be made either generall orpar- 

ticular TI call thar ES” UTE w 


ole 
line 


Of Navigation. C hap.5. 


line AE, inthe following figure, repreſents the E- 
quinoRiall,astheline A E there doth the parallel of 
5 gr, and ſo containeth all the parallels ſucceſſive- 
ly from the EquinoQiall towards cither Pole: 
bur they can never be extended very necre the 
Pole becauſe che diſtances of the parallels increaſe 
ſo much, as the Secants doe. Bur notwithſtanding 
this, it may be termed generall, becauſe that a more 
generall Chart cannot be contrived in plans, exce 

a true Projection of the Sphere it ſelfe.. AndI 
call that a particular Chart which is made properly 
for one particular ar 4 49" as if a man were to 
ſail between the Latitude of 5oand 55 gr. and his 
difference of Longitude were not «0 exceed 6 gr. 
then a Charc _ (asthe figure following is) for . 
ſucha Voyage, may be called particular. 

Now the making of ſuch a Chart, is Maſter 
Gunters firſt propoſition page 1040f the Sector, and 
this the line of Secants will ſufficiently perform. 

For if it were required ro project ſucha Chart: 
Having drawnthe line A B, and having croſſedie 
at right angles with another line AE, repreſenting 
the parallel] of 50 gr. you muſt then take the Se- 
cant of 51 from your Scale, and ſer it from 50to 
51 on both fides the Chart, and draw the parallel 
51 51. 

Again, take the Secant of 52 from your Scale, 
and ſerir upon your Chart from 51 to 52, and ſo 
draw the parallel-52 52. And ſo you areto draw 
the reſt of the parallels. 

Then for the Mcridians, or divifions of the line 
B C, they arcall equall co the Radius, , 

I 


of Navigation, Ctap.s. 


If therefore youtake the Radius, and run it above 
and below, you ſhall make the fpaces or diſtances 
of the Meridians ſuch as in the botrome of theCharr 
are figured with r, 243, 45 5» 6. * 

Theſe degrees thus ſet onthe! Chart, may be 
ſub-divided into equall parts, which in/the gradua- 
tionsaboveand below ought ſoro be. . Bur in the 
graduations upon the fides of the Chart,they ought 
as they gnelogher, Ni ro grow greater, Yer the 
difference is ſo ſmall that it :cannot produce an 
conſiderable errour, though the ſub-divifions bea 
equall. Divide them therefore either into 60 mi- 
nutes, or Engliſh miles, or into 2o leagues, or into 
100 parts of degrees, as ſhallbeſt be liked of. 

'E Tzlicrle morecuripfiry ſhoutd be ſtood upon for 
the graduations of the Meridiav, inſtead of the Se- 
cantsof 51, 52, 53, &c. you may take 50;, 51;, 

$2], &c. alwayes halfea degree lefſe than is the 

. Lazitude that ſhould bepurin, \ 
"Now if each” of thoſe diviſions at the bottome 
of the Cliart, as A 1, &c. be made _equall tg the 
common Radius of the Sines , Secants , and Tan- 

gears, and ifa Chart be made to that extenc upon a 
Skin of ſmooth Velame; well paſted ona boardzyou : 
may work upon jt many concluſions very exactly, 


Fhe Uſes of the Sea-Chart 


Are ſerdown in 12 Propoſutions by Maſter Gunter, 
—_—_ page 121. Incach of which Propoſitions 
is ſhewed how to reſolve the Queſtion upon the 
Charc it ſelfe, which will be dixeion enough how 


the 


mm 


Chap.5. Of Navigation. 


the work muſt be performed, withour any more 
words here uſed, 

The working of theſe propofitions alſo may be 
applyed to the Scales of Sines and Tangents, on 
che Rnler, and wroughtby procractian, according 
ro the rules given in the firſt Chapter, if the pro- 
portions, as he layes them dowa in the foreciced 
pages, be ſo _—_— | 

It a Scale of Rumbs be thought more expedi- 
ent for theſe operations then is a Scale of Chords, 
ir may be put into ſome ſpare place of the Ruler, 

His two Propoſitions , page 114. 116, may be 
done npon the Chart as is there ſhewed, bur his 
ſecond Propofition, which is, 


Cn CT. 2. 


To finds bow many Leagues doe anſwer 
t0 one degree of Longitule, in every 
ſeverall Latitude: 


His(I ſay)may be done upon the Scales of Sines 

and equall parts : And for this purpoſe, the two 
laſt inches of the ſame Scale of cquall parrs, being 
equall in length to rhe Radius or Sine of go, are di- 
vided into 20 at one end, and into 60 art the other 
end. "_ | 
Take therefore upon the line of Sines, the com- 
plement of the paralle}s diſtance from tbe Equator, 
(or thecomplement of the, given Latitude) and mea» 
ſuring irupon the Scale. of 20 parts, it will ſhew 


you 


Of Navigation. | Chaps . 


what number of Leagues make one degree of 
Lenhade in that parallel of Latitude, And be- 
ing meaſured upon the Scale of 60 parts, it gives 
ſo many of ourmiles , or ſo many minutes of the 
Equinotiall, or any other great circle, asare anſwe- 
rable to one degree of Longirude in that Latitude. 


Example, 


Let it be required to finde how many,Leagues 
doe anſwer to one degree of Longitude, inthe La- 
ticude of 18 gr. 127, 

Take ourof che line of Sines, the complement of 
the given Laticude, namely. 72 gr. 437. Then ap- 
plying this diſtance to theScale of 20 equall parts, 


you ſhall finde it co reach 19, and ſo many Leagues 
doe anſwer to one degree of Longitude, in the La- 
ticude of 18 gr. 127. 

And the {ame diſtance being meaſured upon the 
Scale of 60 equall parts, will give you 57 parts, and 
ſo many minutes of the Equator are anſwerable to 
one degree of Longitude, in that parallel ot La- 
titude. 

Solikewiſc, inthe Latitude of 25 gr. »5/, if you 
rake the complement thereof 64 gr. 457, our of the 
Scale of Sines, and apply it to the former line of 
20, you ſhall findeitto reach 18 parts, and ſo many 
Leagues docanſwer to one degree of Longitude, in 
the Lacicude of 25 gr. 157. 


C 1n the Appendix ro Maſter Norwoods Do- 
arine of Triangles, there is by him laid 
down 
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Chap.s. - Of Navig«tiion. 


down 15 Queſtions of ſailing by the plain 
Sea-charr, and others by Mercators Charr, 
all whichthelinc of Chords and cquall parts 

, will ſufficiently perform, it the work of the 
third Chapecrot this Booke be rightly un- 
derſtood 


Sucr. 3. 


How to ſet any place upon your Chart, 


according tots Longrtude and Latte 
tude. 


| $4 the two places lic under one parallel, and fo dit- 
fer only in Longirude , then the courſe leading 
from onetothe other is Eaſt or Weſt : As A and 
E being two places under the parallel of 50 gr. and 
differing 53 gr-in Longitude. 

Bur if the two places differ only in Latitude, and 
lie underone Meridian, as A and B, thenthe courſe 
is North or South, 

Bur if the places differ both in Longitude and 
Latitude as A C, then the courſe is upon ſome other 
point ſo much diſtant from the Meridian, as isthe 
quantity of theangleB A C. 
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Chap.6 Ib of projetting the Sphere 
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CHAP. VI. 
Of Projettions of the Sphere. 


Or this purpoſe chiefely, is the leſſer line of 
Chords added, being madeto the ſame Radi- 


us that belongs to the Sines, Secants, and 
Tangents. For when any ProjeQtion isto be made, 
the fundamental! Circle muſt be of tharcommon 
Radius, and then the angles tobe inſerted upon ir 
may be taken our of this line of Chords which is 
firted toit. See the ſecond Book of the Ser, 
Chap.z. For theſe Tangents and Secants will per- 
forme the ſamerthingsin thoſe Stereographicke pro- 
jecions that there are done , andin all other irregu- 
lar projections li: ewiſe, 

By this kinde of work may any Sphericall con- 
cluſions be performed by prorraQtion in plano, Alſo 
true Schemes of the Sphere may be drawn , ſutable 
toany _ — -—=——_ willnor alittledireR in Sphe- 
ricall calculations. 

As ſuppoſe it were required to project the Sphere 
ſutable to this Queſtion, 


Having the Latitude of the place, the declination of 
the Sun, and the Altitude of the Sun, to finde 
etther the Azimmth or the houre of the day, 


Firſt, With the Radius of the line of Chords, 

upon the center C deſcribe the fundamentall Circle 
H NO repreſenting the Meridian , and craw the 

p C diameter 
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diameter H O for the Horizon, and Z CN ar righe 
angles thereto, Z N being the Z nith and Nadir 
points, Then by your line of Ch -rcs ſer the La- 
titude of your place (which let be 5 + gr. 32/ )from 
ZroE,and from NtoQ, drawing theline E CQ_' 
forthe EquinoRiall, and ar right angles rher1eto,the 
lineM ? for the axisof the World, P repreſenting 
the North, and M the South : ole 

Secondly , Suppoſing the Sun to have 20 gr, of 
Nortth Declination, take 10 gr. (the Semicangent 
of the Declination) out of the line of Tangents, and 
ſetic from C ro G. Likewiſe, take 20 gr. (the De- 
clination) from your line of Chords, and ſer that 
diſtance upon the Meridian from E unto D, and 
from Q unto K : then deſcribe the arke of a Circle 
which ſhall paſſe dire&ly chrough the points DG K, 
the center whereof will alwayes fall in the line C P 
ifit were extended, and this arke D G K ſhall be 
the line of the Suns courſe when his Declinacion is 
20 gr. from the EquinoQuall Norchward. 

Thirdly, Suppoſing the Altitude of the Sun to 
be 50gr. take 25 gr. (the Semicangent of the Alri- 


rude) our of the line of Tangents, and ſet that di- 


ſtance from C to F, Alſo rake 50gr. (the Alti- 
rude) from your line of Chords, and ſer them upon 
the Meridian from H unto A, and from O unto B, 
drawing thearke A F B, the center whereof will fall 
in the line C Z being extended ; and this arke ſhall 
repreſent the Almicanter of 50gr. And where 
this parallel of Altirude croffeth the parallel of De- 
Clination, whichis at $, that is the place of the Sun 


at therime of the Queſtion : Therefore, it you m_ 
cnc 
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thearke of a circle which ſhall paſſe throngh the 
points M SP, it ſhall repreſent the houre of the day 
and anctherarke through Z S N ſhall repreſent the 
Azimuth of the Sun ar the ſametime. And the 
diſtance C T being meaſured on the Tangent line 
will fall upon 20gr, 4', the double whereof is 

D 3 49 gre 8, 
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40 gr. 8. which is the Azimuth ofthe Sun from the 
Eaſt or Weſt, and the complement thereof to go gr, 
isthe Suns Azimuth from the South, 


C 1. Thecenters of theparallels of declination, 
and of the parallels of altitude, may readily 
be fouud by the Scale it felfe; as in this pro- 
jection, having found the point F upon the 
line Z C, extend the line Z C without the 
circle,and becauſe the Suns altitude is 50 gy. 
rake therefore out of your Scale the Secant 
of 40 gr. (the complement of the Altitude) 
and ſet that diſtance from CrcoT, ſo ſhall 
the point I be the center of the paralle] of 
Alritude. 


Or take the —__—_ of 40 gr. out of your Scale 
and place it from Fto I, cither of which will 
fall in the point I, the center of the parallel 
of 50 gr. 


In the ſame manner may the center oftheparallel 
of Declination be found, by taking out of 
your Scale the Secant complement of the 
Declination, and ſetting it from C, upon the 
line C P, (beingextended) and where thar 
diltanceends,that isrhecenter of the parallel, 


Or the Tangent complement of the Declination 
being ſer from Gon the line G Þ ſhall give 
theccater alſo. ; 


C 2, For 
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i 
C 2+ Forthe finding of thecenters ofthe Hours 


and Azimuths , the Scales cf Secants and 
Tongs will much help you , So the Azi- 


murh from the South being 49 gr. 52”, it 
you rake the Tangent thercof out of the 
Scale of Tangents, & ſet it upon the — 

| rom 
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from C to L: the point L ſhall be the center 
of the circleN T Z. 


Or the Secant of 49 gr. 52' being ſer from T, 
that alſo ſhall give you the center Las before. 


The center of the Houre-circle is found in the 
ſame manner, for che houre from the Me- 
ridian being 31 gr. 2>/, if youtake the Tan- 

ent chereof out of your Scale, ir ſhall reach 
rom CroR , the point R being the center 
of the Houre-circleM V SP. 


Or the Secant of 31 gr. 287, being ſet from V, 
ſhall give the point R for checenter of the 
ſame houre, And in this manner may any 
Houre or Azimuth whatſoeverbe drawn. 


Many other —_ in Aſtronomie, may be 
wrought upon this projeRtion, and indeed any ofthe 
28 caſes of Sphericall Trigonometry , may by this 
kinde of projetion be eaſily illuſtrared and reſolved, 
which willcleerely informe the fancie in the reſol- 
ving of Sphericall Triangles. An Example or two 
for praQiſe ſhall be, 


I. To finde the Suns Amplitude. 


In this projeRion, the Amplirude from the Eaſt 
or Weſt is repreſented by the line C X, take there- 
fore the diſtance C X in your compaſles, and apply 
i to theline of Tangents , (counting every degree 

0 
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of the Tangents tobe two degrees) and where ir 
reſteth, that ſhall be the Amplitude from the Eaſt 
or Weſt, which will be found to be 33 gr. 22/. 

Or if you lay a Ruler upon Zand X, it willcurt 
the Circlein Y, and the diſtance N Y being mea- 
ſured on the line of Chords, ſhall give the Had 
ruce alſo, 


2. To finde the diflance of the Sun fromthe Zenith, 


The diſtance of the Sun from the Zenith is the 
arke Z'S, therefore to finde the quantity thereof, 
you muſt firſt finde the pole of the circle NSZ, 
which is doneafterthis manner. | 

LayaRulerfrom Zto T, andit will cut the cir. 
clein 4, then take in your compaſles a quadrant of 
the outward circle, and ſet it from 4 to 6, then lay 
a rulerfromZtob6, and it ſhall cut the Horizon in 
e , wWhicl: point e'is thepoleofthecircleZ T N. 

Nowto meaſurethearke Z S, you muſtlay a ru- 
ler upon e and S; which willcut the outward circle 
in the point A, ſo ſhall A Z, being meaſured upon 
the line of Chords, give you the quantity of de- 
grees contained in thearke Z S, which will be 4o, 
equall tothe complement of the Suns Altitude. 


C This latter propoſition was inſerted ratherto 
ſhew how the arke of any great Circle of the 
Sphere(the ſides of all Sphericall Triangles 
being tuch) may be meaſured , then for any 
need there was ro finde the diſtance of the 
Sunfrom the Zenith , for that mighe _ 

cen 
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been more eafily-effeted, ir being only the 
complement of the Suns Altitude , bur ac- 
cording to this operation, my the fide of 
any Sphericall Triangle whatſoever bemea- 
Iucd. 


The line of Sines 11ſo will projet rhe Analemms, 
as Matter Gunter ſheweth, it this propoſition be 
added, 


How to divide any line given, into ſuch parts &s 
the Scale of Sines 1 drvided. 


Which propoſition may be done by that which 
is ſer downinthe 1 Chapt. Forif A DmnCvwere 
parts or diviiions made equall ro thoſe upon the 
Scale of Sines, and C E were a line inthe ſame 
manne1 to be divided: After you have prepared 
your work as is there preſcribed, you need only to 
take the leait diſtances between the points C »m D 
and the line A k, ad inſert the ſame into your given 
line, ſo ſhall che diviſions thereot be proportionall 


totheline of Sines. 


CHAP. VII. 
Of the line of V erſed-Sines. 


He generall uſe of this Scale is principally to 
Lok theſe ewo Spitericall Caſes. Firſt, 
By having three ſides of a Sphericall Trian- 


gle,to finde an angle, Secondly, By having two 
ſides 
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ſides and the angle comprehended, ro findethe 
third fide. According to Which two generallcaſes 
you ſhall finde particular examples, namely, the firſt 
and third Sedions of this Chapter (utable to the firſt 
Caſe : andthe 5 Se&ionanſ{werableto the ſecond. 


SC ncrT. I. 


To finde the Suns Aximnth. 


Irſt, finde the ſrmme and difference of the com- 
plement of your Latitude, and complement of 
the Suns alticude. Then having made A B equall 
to the length of the whole Scale , count upon the 
{ſame Scale the ſymme and difference before found. 


SEVEN F- 
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Afcer this, take with your Compaſſes the diſtance 
from the Sunsplaceto the ſumme , and ſetting one 
foot of that extent upon B , with the other deicribe 
the arke C D. Soagain, =_ the diſtance —_ 

c 
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Scale from the Suns placerothe difference, and with 
that extent upon the center A, deſcribe the arke 
E F: Which done, draw the ſtreight line DE, fo 
aSit may juſtly rouch thoſe two arks, cutting the line 
A Bin G: ſo ſhall B G\bcing meaſured upon the 
Scale, from the beginning of it) ſhew the Azimurh 
from the South. And A G meaſured upon the ſame 
Scale will givethe Azimuth from the North, 


I ECT. 2. 


To finde the Amplitude of the Suns 
Riſng or Setting. 


T* you ſuppoſe the Sun to be inthe Horizon, or 
oo gr, high, and ſo the complement of the Alti- 
tude to be go, and if (upon theie ſuppolitions) you 
work asinthelaſt Sef/on is ſhewed , then ſhall B G 
givethe graduall diſtance of the Suns riſing or ſer- 
ting from the South, A G from the North, and 
from the midſt of the linc to G, is the Amplicude 
from Eaſt or Weſt. 


S SC To 3. 
T o finde tbe boure of the Day. 
MP A B equall to the whole Scale, as before: 
and count from the beginning of the Scale to 
the Suns place whatrnumber of degrees there are; 
the ſamenumber thews the graduall diſtance of the 


Sun from the North Pole. . Of this diſtance and 


the complement of your Latitude,finde the ſum and 
| dif- 


— 
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difference, and count them both upon the Scale, as 
was done before. Then again , count thereon alſo 
the complement of the Suns altitude : Upon which 
point, ſetting one faotof your Compaſſes, extend 
cheotherto the forcenamed ſumme; and with that 


extent upon the center B deſcribe the arke C D. 
Again, ſetting one foot of your Compaſſes upon * 
the complement of the Suns altitude, extend the 0- 
ther tothe forenamed difference, and with that cx- 
rent uponthecenter A,deſcribetheark E F. Laſtly, 
draw the ſtreight line DE, which only rouching the 
two former arks, may cutthe line A B in G: ſo ſhall 
A G (meaſured on the Scale , from the beginning 
of it) give the degrees of the Suns diſtance from the 
South. Theſc may be turned into houres, counting 
15 gr, foronc houre, and 1 gr. for 4 minutes of an 
houre, 


FE. 2 SECT. 
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To finde the Semidiurnall and Semi- 
notturnall arks. 


TE you ſuppoſe the Suns altitude to be co gr, and 
{o the complement of ir tobe 90, and then work 
as is directed in the 3. Sed, of this Chap. then ſhall 
A G givethe Semidiurnall arke, and B G the Semi- 
noQurnall arke: Each of theſe turned into Houres 
and minutes, and doubled, will givethelengrh of 
the Day and Night. 


$8.0 Yo. $o 


T be Suns place being aſſigned in any 
point of the Eclipticke , to finde bis 
Altitude at all bores. 


Y this , may Tables of the Suns Altitude be 
made_to all houres ,'the Sun being inany Signe 
of the Zodiacke, whereby many parcicular 'nſtru- 
ments for finding the hourc of the day,nuay be made, 
as Rings, Quadrants, Cylinders and fuch like, 
Draw the line A B, and upon it, with C AorC 
B, cquall co halfe your Scale, deſcribe a Semicircle, 
Then count upon your Scale the Suns diſtance 
from the North Pole, as was done inthe 3. Se#?. of 
this Chapt. and in the ſame manner alſo finde the 


ſumme and difference of this diſtance and the com- 
plement 


— — 
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plememt of your Latitude. Thentakethe diſtance 
of the (aid ſum and difference in your Compaſſes, 
and fet ir upon the Semicircle from A ro D, and 
draw B D. Now beeauſe A B is equall to your 
whole Scale, you may divide the ſame into houres, 
by transferring each 15'gr. from your Scale tothe 
line. This done, rake the leaſt diſtance from the 

int x to theline B D, and ſer'onefoor of this di- 
Rh upon the forenamed difference counted upon 
the Scale, and lerthe other foot ſtand further on- 
wards upon the Scalc,and wheee it falls, it ſheweth 
how many degrees that houre of 1 is diſtant from 
the Zenich. Orif youcount the degrees from the 
middle of the Scale, it ſhews the Altitade of the 
Sun in that Houre. Thus doe for the points of 
2, 3, 4» &c, and you hall in the ſame manner 
finde their Altitude: Andit you gocntothcend, 
you ſhall (moſt commonly) hnde your Compaſſes 
at laſt to reach beyond che middle of the Scale. 


[This ' 
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[ This alwayes, and then only, happens, when the 
ſum (found ar firſt) is greater than go gr. ] Look 
then how muchir is beyond, for ſo many degrees 
isthe Sun below tne Aorizon at that houre of the 
night: Or (which is all one) ſomany degrees is the 
Sun elevaced above the Horizon in that Signe or 
poinr ofthe Ecliprticke whichis ſo much on the other 
part of the EquinoQiall, Thar is, If the Suns place 
given were the beginning of Tawrw or Virgo, and 
your Compaſles (ſuppoſeat the g®. houre) goc be- 
yond the go® gr.of the Scale, you ſhall there ſec how 
low the Sun is under the Horizon at 9a clock at 
night, ot at 3 inthe morning. And the ſamealſo 
ſheweth how high the Sun is at 9 in the morning, 
or at 3 afternoon, if his place were intheentrance of 
Scorpio or Piſces, whichtwo Signes are ſo much be- 
yond the EquinoRiall on the other part, as Taurus 
and Yirgoare on this fide. 


SY BCT. 6. 

All Proportions in Sines alone, where 
the Radius flands firſt, may be 
wrought upon this Scale , without 
any protrattion at all. 


pts manner of the work will beſt appear w_ 
Example. Let theproportion ſet down before 
in Sines alone be here repeated. The terms ſtand 
chus : 

As the Radius, tothe Sineof 23; ; 


So the Sine of 10, tothe Sine of what ? 
Take 
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Take the ſum and difference of the ſecond and third 
arks, the ſum is 333, the difference is 153: count 
theſe both upon the Scale, and there take their di- 
ſtance: apply the ſame to the middle of the Scale; fo 
as that the ſame number of degrees may be above 
90, that is below ; ſo ſhall the degrees either above 
or below, be about 4; and this is the Sine required 
fora fourth proportionall to the former, 
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CHAP. VIIL 
How to work proportions in Stnes and 
T angents , by tbe lines of Verſed- 
Sines ard ©, 
| DS a Circle, as A B D, of the ſame Ra- 


dius with theline ©. The Verſed Scale is in 
length four times the ſame Radius, 


Let the Sines (given or required) be meaſured out 
of @,and ler them be ſer upon the Radius from A, 
toACoAE, . 

et 
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Let the Tangents (givenor required)be meaſured 
our of the Verſed Scale, from go to 00, or to 180, 
which are go Chords belonging to go equall parts 
of the Semicircle ABDP, andthe ſame Tangents 
muſt ever be ſct uponthe Circle from A, as A B, 
AD: 
Then drawa right line through thefirſt and third 
of the given terms, as from BandCroO, and 
another right line trom O toDorto E. 

So the fourch rerme required ſhall be citherthe 
Sine AE, orthe Tangent A D, cach to be meaſu- 
red in its proper Scalc. 

Ifthe Radius be ingre- 
dient in the proportion, 
then this of Sines and 
Tangents may bewrought 
by the draught of one 
line: ſcethisthirdScheme, 
The Sinc is tobe taken or 
ſet on the Radius from A, 
as A F, the Tangents are 

| to be ſer and rakenupon 
the Circle (in this caſe alwayes) the leſſer of them 
from A, the greater from P; as AGandPH. So 
that whatſoever is given or required will here be 
found. 

The further uſeof this line is ſhewn afterwards 
in the making of declining reclining Dials, | 


CHAP. 
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, CHAP. IX. 
: T o finde the declination of a Plain. 
: T O effe this, therearerequired rwo obſer- 


vations: the firſt is of the Horizontal di- 
ſtance of the Sun from the pole of the plain, 
the ſecond is of the Suns Altitude , thereby ro get 
[ the Azimuth, And theſerwo obſervations muſt be 
[= madeat one inſtant of time, as neeras may be , that 
the parts of the work may agree together the berter, 


ho 1 For the horizontall diſtance of the Sun from 
'K the pole of the plain: Apply one edge of a Quadrant 
d to the plain, ſo thatthe other may be perpendicular 
It . to it, and thelimbe may be towards the Sun, and 
c hold the whole Quadrant horizontall as neer as you 
bo can conjeRure : Then holding a threed and plum- 
wY met at full liberty, ſo thar the ſhadow of the threed 
C may paſſe through thecenter and limbe of the Qua- 
re drant, obſerve then the degrees cut off by the ſha- 
n dow of the threed, and number them from that fide 
n of the Quadrant that ſtanceth ſquare tothe plain, 
0 for thoſe degrees are the diſtance required. 
c 2 Ar the ſame inſtant oblerve the Altitude of 
the Sun, theſe two will help you to the plains de- 
Is clination by the rules following. 


Firſt , By having the Altitude, you may finde 
the Azimuth by the x . Se&F. of the 8, Chap. then by 
comparing the Azimuth and diſtance together, you 
may findethe plains declination in this manner. 
When you, make your obſervation of the Suns 

2 Ho- 
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horizontall diſtance, marke whether the ſhadow of 
- thethreed fall berween the South and that ſide of 

the Quadiant which is perpendicular to the plain, 

For 
1. If the ſhadow fall berween them , thenthe di- 
ſtance and Azimuth added rogether, domake the 
declination of theplain , and in thiscaſe, the decli- 
nation is upan the ſame coaſt whereon the Suns A- 
zimuth is. 

2. If the ſhadow fall nor between them, then 
the difference of the diſtance and Azimuth is the de- 
clination of the plain , and it the Azimuth be the 
greater of thetwo , then the plain declineth to the 
ſame Coaſt whereon the Azimuth is: Otherwiſe, 
if the diſtance be the greater thenthe plain declineth 
to the contrary Coaſt tothat whereon the Suns A- 
zimuth is, 


C Note here furcher, that the Declination ſo 
found is alwayecs accounted from the Sourh, 
and rhat all Declinations are numbred from 
eirher South or Noth towards either Eaſt 
or Weſt, and muſt not exceed go gr. 


1. If therefore the number of declination ex- 
ceed g0,you muſt rake the reſidue of that number to 
180 gr. and the ſame ſhall berhe declination of the 
plain from the North. 

2. If the number of declination doe exceed 
180 gr. then the exceſſe above 180 gives the plains 
declination from the North, towards that Coaſt 
which is contrary tothe Coaſt whereon the Sun 7d 

C An 
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C And here note, that whereſoever in this 
Chapter the uſe ofa Quadraat is required, 
the Scale of Chords will cfle& the ſame; if 
upon a piece of plain board you deſcribe a 
Quadrant, whoſe ſides may be parallel ro 
the edges of the board , upon which you 
may ſect oft the Horizontal diſtance and 
Altitude, which will performe the work 
thereof when a Quadrant is not art hand. 
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CHAP. X. 


OF DIALS. 


To draw upright declining Dials, by 
the lines of Sines and T angents. 

| the laſt Chep. Upon your plain deſcribe a 
| reQangled parallelogram , in which ler the 
fides A B and C D be perpendicular ro the Hori- 
zon , and each of them equall to the Tangent of 
your Latitude: and let A Cand B Dbecquall cach 
of them to the co-tangent of your Latitude, and let 
BD be prolonged if need be. 

Then taking that fide of the parallelogram(forthe 
houre of 12) which looketh towards thar coalt unto 
which the plain declineth, as here namely, the fide 


A By and on that linc having aſſumed the ſuperiour 
| F 2 angle 


He declination of the plain being found by 


” 
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angle A in $o..th-ceclining-plains, or the inferiour 
in North-decliners , tor the center of your Dill: 
Let Br and C G be made £quall rothe Sine of the 
plains declination, ſo A E being drawn, ſhall be the 
ſubſtilar, and A G ſhall be the houre of 6, Then 
from E, raiſe:E F perpen\licular ro AE, and make 
A 12 andE F equall to the co-ſine of thedeclinati- 
on: andif you draw A F, the ſame fhall repreſent 
the Axis, and theangle F AE ſheweth how much 
the ſame is to be elevated above the ſubſtylar. A- 
gain, make A Hequall to the co-fine of your Lati- 
rude, and draw H 6parallelto A By which will cut 
AG inthe point noted with 6. To this A6, let 
A 6 alſo beyond the center be madeequall,and then 
draw the lines 12 6 and f2 6, which lines muſt 
have the houre points ſet upon them and to per- 
forme that worke doe thus. 
Draw upon paper, or ſome other plaine, theline 
L M, upon which ſer L Rand R M, each of them 
equallco your Tangent of 45 gr. Then make R N 
equall ro the Tangent of 3o,and R O equall ro the 
Tangent of 15, fo ſhall you have points to finde all 
the houres, and if you deſire halves and quarters,you 
muſt alſo pur theirTangents intothe ſameline RM, 
Being thusprepared, it you would divide the lefler 
line 12 6 into: its requiſite parts , take the ſame 
line in your Compaſſes, and with it, upon L asa 
center deſcribe the arke P Q, and from M draw 
MP, which may only rouch the ſame arke, _ Then 
from N takethe leaſtdiſtanceto the line -MP, and 
the ſame will reach from 12 to11, andfrom 6 to 7; 
ſo the leaſt diſtance from O to the line M P, will 
give 


% 


Chap.10. bythe linezof Sines and Tangents. 


} Ji 


— — 


ivefrom 12to 10, and from 6t08. And theleaſt 
iſtance from R will reach ftrom 12 or 6 tog. 

In the ſame manner you muſt divide the larger 
line t2 6, Take it ouc of your Diall, and with 
it deſcribe the arke S T from the ſame ccnter L, 
and draw M S touching only the ſame arke. Then 
the leaſt diſtances from N, O, R, totheline MS, 
will give the points or diſtances 12 1; 6 5; and 
12.2, 6 4; and 12 3; 0r 6 3, Theſe upon the 
South-decliner; the like may be done upon the 
North-decliner. Laſtly, from the center A,through 
theſe points you muſt draw the Houre-lines. 


An 


To draw upright declining Dials, Chap.10. 


E An wpright plain declining from b 


the South ;owaras the Eaſt, 30 gr. 


C hap.10, by the line, of Sines and Tangents. 39 


An upright plain declining from 


the North towards the Eaſt, 30gr. 


4 
3 
k 
TD 
», 6 
| Po 
; : 
| - 
| = 
3 
" 
dy, 
10 9g 


In both theſe Plains. 


AH =co-ſinel at. 
arrange A, G=AG. 
BD=co-tang. lat- parallelog. R L=R M=tang.45. 
y E=CG=ſine declination. R N=tang. 30. 

A 12=E F=co-ſine declina, R O=tang.15. 


CHAP 


AB =tang. Lat. 


Co 


— 


40 of the Horizomall aud full South Dials, Chap. I. 


CHAP. XI 
Of the Horizomall and full South 
Laals. 


Heſeare done more eaſily , for having made 

| ZX for theline of r2, and W V perpendicy- 
lar thereto for the two fixes , in them both 

make Z X equall rothe Radius, and in the Hori- 
zontall let ZV and Z W be equall(cach ofthem)to 


the Sine of your Latitude : in the South plain ler 
ZV andZ W be(cach ofthem) equall ro the co- 
fine of your Latitude, Then draw the lines X V 
and X W, and divide them as was now ſhewed in 


rhe declining plains ; ſo may you from the center Z, 
an 


Chap.12. Of the Horizontal Spaces. 41 


and theſe points, draw a!l the houres, as youſec 
in thele figures. þ us 

The Styles are 
to ſtandoverche 
line of x2 : that 
in the Horizon- 
rall muſt becle- 
vated 1o much 
as your Latitude 
comes to; the 0- 
ther according 
to the comple- 
ment of your 
Latnude. 


The upright North plain is the ſame with the 
South, only turned upſide down, and the courſe of 
the figures altered. 

The Eaſtand Weſt upright plains may be made 
by the Tangent line, in ſuch manner as others have 
preſcribed, 


CHAP. XII. 


Of the Scale of Horigontall Spaces. 


Or the Horizontall plains in ſpeciall, here 1s 

E: peculiar Scale by which the houres may ſo- 

dainly be deſcribed, ro any Laticude berween 
39.and 60degrees. 

The manager of which work is cafic. For you 

G have 


To draw wright declining Dials, Chap.13. 
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haverhe numbers from 3o to 60 five times repea- 
ted, ſerving for the five houres in ſo many Lati- 
ruces. Suppoſe then a Horizontall Diall were co 
be deſcribed for the Laticude of 51x gr. Firſt, by the 
Radius (which is from the beginning of the line to 
R) deſcribe a Circle, and draw theline of Iz from 
the center. Then take from the beginning of the 
lineco VI, and ſeritin the Circle both wayes from 
12, theſe twoare the points of the tio ſixes. Again 
out of the ſame Scale take the length from the be- 
ginning to 51zin the remoteſt numbers, and ſet tha. 
upan the Circle on both ſides 12, theſe are the 
paints of 5 and 7, So from the beginning of the 
Scale to 51; in the next remoteſt numbers, being 
ſer as the other were, will 9 the points of 4and 8, 
The third 5 1; will give the points of 3andg. And 
the tourth gives 2 and 10. The Jaſtgivesx.and 11, 


C The Chordlinethart is fitted tothis Horizon- 
call Scale, is of good ule in other delincaci- 
ons: Bur the further uſe of theſe rwo joynt- 
ly, muſt be referred to another place, 


ts, 


Dn — C_ —I_”— 


CHAP. XIII. 


How to draw upright declining Dials 
when the Latitude of the place is 
very little or very great. 


T: the work ofthe 10 Chap, it may fall out thar 


rm ——_— —— 


,cicher the Tangent or co-tangent of the Latitude 
may betoo great,ſuch as the Scale witnorafford, 
This 


Chap.1j. bythe lines of Sines and Tangents, 43 


This will frequently fall out in the new Latitude of 
re-in-cliners: to remedy that inconvenience, 1 have 
addedtheſe helps, 


Where the Latitude i but ſmall 


"1 N 


C) 


1. A B=C D=tang. of Latic. 

2. B D=A O=Rakoe [N rectangle parallelo. 

3- B E=C G=Sine declination. 

4+ A 12=E F=cofine of declination. 

5. A H=coline of Latitude. 

6.Hm&AB. 

7. Draw E G, itwillcurCDinK. AK istheline 
of fix: it curs H war 6,make A 6=A 6,0n both 
ſides, anddraw 12 6; 12 6; and divide them 
as the otherare in the 10 Chap. 

G 2 


Or 


- NE —__ 


Or you may draw BC the « Diagonall, and E K 


To draw «pright declining Dials, Chap.1- 12. 


2 thereto, and ſo omit C G. 
Or you may make the /\ D E K=to your Latitude, 
and ſo omit the rwo former, 


Or thus, 


After the 1,2, 3, 4,5, you may omitthe-6, Then 
=y, Draw EG it will cur C Din K, and AK 

þ the line of fix. 

Then lay a Ruler from 12 to H, cutting D Cin L, 

Make 12 M=C L,and A N=A K. 

So ſhall KM, M N, be® tothe two former lines 
6 12; 6 12: . and may ſupply their Offices ſom- 
whar better, becauſc they are ;arger. 


——_— 
A 4 
A 


Where the Latitude i great. 


x -—— a "ten $ a retangle parallelogr. 
B R=-C G=Sinedeclination- 

G R a rightline cutting D Bin E. 

A E Subſtilar. - | 

A G houre of 6, 

4, GP=R T=A1 2=co-ſine of qeclibation . 
T P atight line, cutting BD in O.. 
AEFatright = 

To E F=E Os 
'AFrheStyle.. 

6, A H=co-fine Latitude. 


3 DD 4 
- - 


Chap.13. by the lintzof Sines and Tawgents, 


HmawAB, cutsAGin 6. 
A 6=A 6,0nboth ſides, 
Draw 6 I2, 6 12, &c, 


AIAN ou 
Mi "= 
- Þ 

+ 
” 


Orafterthe 1,2, 3, 4, 5- 
6. Draw 12 H, itcuts DCin L. 
..; Make 12 M=L C: and A N=A G, 
Then G M,M N ſhall begyto6 124 6 13: 
and may therefore ſupply their ulcs, 


CHAP... 


of declining reclining Dials, Chap.14. 


CHAP. XIIIqL. 


Concerning Reclining and Inclining 
Plains, bow to draw boures upon 
them. 


Hey may be referred to anew Latirude, in 
which they ſhall ſtand as upright plaines: 


and then che delineation will be che ſame 
with thoſein the 10 Chap, 

The Meridianline is not here to be taken for the 
lincof 12 at mid-day (for it often reprefents the 
mid-night) bur for that part which helps to deſcribe 
the Diall, 

1. Thefirſt thing to be done upon theſe plains, 
is (by ſome levelly co draw the Horizontall, and 
cheache Verricall line perpendicular thereto, 

2. Next is the placing of the Meridian upon the 
plain, in a true poſition. In dire& plains that 


: -Cline, and in upright decliners, the Meridian is 
the ſame wichthe plains Verticallline. In Eaſt and 
Weſt ; -Cliners , it is the ſame with the horizonrall 


line. In the reſt, it aſcendeth or deſtenderh from 
the horizontall line, and muſt be placed according 
co the rules hereafter given. 

3- For which purpoſe, In theCircle FLFN(made 
of the ſame Radius with that of Sines and Tangents, 
&c, upon the Ruler) ſer FP, ZA, FP, N - 

ca 


Chap. 14. of declining reclining Dials. %7 


eac]1 equall-ro your Poles alticude, Then count 
the Reclination or Inclination from Z downwards, 
cowardsP if it be North, towards A if itbe Southy 
and there ſer B, Then proceed by one ofthele two 
wayes. ; 


24 Ns 


k C 


F—I6 


je 


ZB.*-clination. ; 
BG=ZO 

O C co-fine of declination; 
R C [ F Oo, 


O R D Radius, 
DS=BO. 


Out of this Strutture will follow. 
D A new Latitude leſſe than go. 
O R co-fine of new Declination. 


DS Sine of Meridiansaſcenſion or deſcenſion. 
II, 


4s of declining reclining Dials. Chap. 14. 


' 
LEY 


SE 


Z B:*-clination, 

B G & Z O, 

O A Sine of declination, 

HAl&FO., 

I O Radius. 

AM#®TIO. F $ 

Ont of this Struftute will follow. 
O K isthe fineof Z Dor N:Dintheformer figure, 
where the new Latitude/D A&A will be found. 

HO Sine of new declination! | : 
A M co-fine of Meridians aſcenfionot deſcenſion. 


C Howall :e-clining plains (bciog counted as 


upright in theit new Farirude) are to beraken; 
whether as North ot Sourh decliners, 
As 


Chap.14. Of declining reclining Dials, 


As alſo, | 
C How the Meridian line is to be placed, whe- 
theraſcending above , or deſcending below 
the horizontall line: and from which end 
of that line, whether chat which looks the 
ſame way with the declination of the plain, 

or that which looks the contrary way. 


© Recliners ate North 
plains, and the Meridian 
aſcends above the horizon- 
tall line, from that end of 
it which looks to the ſame 


If D fall Coaſt of declination. 


| below P,j 


> Inclinersare h plains, 


and the Meridian deſcends 
below that end of the hori- 
zontall line, which looks 


ro the c Coaſt of 
In Non declination. | 


plains, and the Meridiag 
If D fall goes below: contrary, 


| Recliners are South 
- 1 Inclinersare North plains, 


and the Meridian goes a- 
bove the end looking the 
ſame way with declination. 


H In 


of zeclining reclining Dials, -Chap.14: 
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{© Recliners are North 
plains, and the Meridian 
goes above the horizonrall 
line, from the ſame end with 
mY Coaſt of declination, 


(If D fall 


above A, , ; 
he * Inclinersare South plains, 


and the Meridian gors be- 
low the horizonrall line, 
| from that end which is con- 
| ttaty to the Coaſt of decli- 

_ ination, 


In South 
Ie liners } 
in 


" Recliners are North 
plains, and the Meridian 
pocs below the horizontall 
tine: contrary, 

If-D fall } 

below A,: Inclinersare Southplains, 
\the and the Meridian goes a- 
bove the horizontall line, 
i from that end which looks 
ro the Coaſt of declina- 


L.t1ON. 


Chap.14,, Of declining reclining Dials, 
NTT os Samecnd in Recliners. 


: If D fallinto P, both 
Il Ie clincis, axe called Po- 
h < 6 


lar plains, and the Meti- 
dian, in þoth , afcends 


from the 
$ 
bs \contrary endin Incliners, 

2 ; 

" Reclinersare North plains, and the 

i- Meridian aſcends from the ſame, del- 
cends from the contrary end to that 
which looks upon the Coaſt of decli- 

It D fall} TP | 
th intoE, the | 
In Incliners are South plains, and the 
ll | Meridian aſcends from the contrary 

| deſcends from the ſame end that looks 
upon the Coaſt of declination, 
Is 
ah " Reclinersare\ 
Cc, North plains, | So much as the | 
ks declining from | complement of their 
a” North, |:--clination comes tO, 
C = *, "This is their new de- 
We clination, & their new 
Incliners are | Latitude is thecomple- 
If Sourh plains, | ment of the Latituceot 
declining from | your place, 
; South, J 


H 2 4 For 


C2 


J 


of declining reclining Dials, C hap. 14, 


4+ For thar which follows, take notice of theſe 
four things. Firſt , That from D to the neereſt 
A (meca{ured by the line of Chords) givesthe new 


Larirude, in which the;"-clining plain, isanuprighr 


declining plain, Secondly, That O R (meaſured 
upon the line of Sines) gives the complement of 
the plains new declination in that new Latitude : 
this New declination is to the ſame Coaſt with the 
Old, bur alwayes lefſe in quantity than ic. Third- 
ly, That DS (meaſured upon the Sines) gives the 

uantity of the Mcridians aſcenſion or deſcenſion, 

his gives the quantity, the former rules gave the 
Coaſt. Fourthly, Thar in the deſcription of the 
Diall, you muſt only make uſe of the new Latitude, 
and new Declination : having nothing to doe.with 
the other. 

5. Having the former things known , you muſt 
(by theTangent andco-tangent of the new Latitude) 
deſcribe your ReQtangled Parallelogram (as inthe 
10 Chap.) andaccording as the plain was diſcove- 
redrobe a decliner from the North or South, you 
muſt make choice of your centet,placerthe ſubſtylar, 
ſtyle, and fixaclockline, by helpof the Sincand 
co-fine of the new declination, and new Latitude, 
and then prick down and draw the houres, allin the 
ſame form that was before ſhewed in the 10 Chap. 
for upright decliners. 


Thu for the Dials deſcription. 


6. Laſtly, for g_—_ Diall. Firſt, Con- 
fider which way, and how much, your Meridian 


© | Aww Xn — — 
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Chap.15.0f diret# Eaft and Weſt re-in-clining Dials. 


aſcended or deſcended from the horizontall line, 


Then goe to your plain, and there draw the ſame 
Meridian line anſwerably, ſerting off ſo many de- 
grees by your Scale of Chords, When this is 
done, take your paper deſcription, and lay the Mc- 
ridian of ir, eirherupon, orelſe parallel to, the Me- 
ridian drawn upontheplain , and take careto place 
it the right way, namely fo, as that the imaginary 
ſtyle ot your paper (ora real] _= of the ſtyle 
cur fir and ſer upon the paper Diall) may point into 
the Northor South Pole, according as the plain is 
eſteemed to be a North or South plain. Afrter this 
is performed, you may transfer each houre from 
the papertothe plain, and ſo finiſh all the work. 


—————__—_— 
me Ernrnt 


CHAP. XV. 
Concerning ies Eaft and Weſt re-in- 
clining plains. 


Ere inthis ſort of plain, you are only to take 
H notice, that the new Latitude (wherein they 


ſtand as erect plains)is ever the complement 
of your own Latitude, And the new declination 
(in that Latitude ) is the complement of their 


: -Clination, By knowing theſe, you may deſcribe 


the diall according to the 10 Chap, The Meridi- 
an line(inall theſe) lyeth in (or parallel ro) the ho- 
rizontall line, All which things will appearaifo 


OUT: 


of dirett re-tn-cliping Dials, Chap.16, 


our of the former tigures, if according to them you 
ſhould make adraugin ,:and ſuppoſe yaur plaia to 
decline 90 degrees, asall cheſe Eaſt and Welt plains 
do, All othcr things will follow of chemwſelycs, 
agrecableto other plaing, + 


CHAP. XVI, 
Concerning rein-cliners, that are d:- 
rect, or bave no declination. 


J* the line C B be yu (as is preſcribed inthe 


former figure) and drawn quite through, it will 
repreſent your plain that is *<<clining towards 
in O 


' the North, and withour any declination. Soalſo 
BL, if itbe drawn. quite threugh , will repreſent 
ſuch plains as a cline towards the South, and have 
no declination. | 
For which lines ſo drawn (or imagined only) you 
may gather (according to the former rules) which 
of the Poles (A or X) is elevated, and how muchir 
is elevated (which is ſhewed by the arke C A or 
L X.) You may alſo ſee which end of the Meridi- 
an is robe taken for the ſubſtilar lne, over which 
(inthele dire plains) the ſtile is ever ro be erected, 
and muſt ſtand, | 
Then for drawing the houres , you have no more 


to doc, but to deicribe an Horizonrall Diall co that 
elevation, 


Wu SD © % —_ CR 


Chap:r7. 
elevation, 4hlch is due tothe' plain, ' The manner 


Of far" deelipers. 


whereof is ſhewed before itt the t1 Chap. 
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Roan >) ; +. | xe. 5, x: front 
How to deal vwith thoſe plains, where 
$31 24 3, GONIVIDGIS 75 0; $1 2! :1@q>D> 

_ the Polt «but. of ſmall elewation.. 

A 09000CUINTLS 1262 Gt bo 24 ,0: 

"J Uch plains whoſe {tyles liedotey cannot have 

Gi: hourec-lines diſtin&ly ſevered, unleſle the 

center of the Diall be caſt our of the plain, 

In ſuch caſes therefore the Diall is to be made with- 
Out a center, in this manner. 

T; Place A Brhe- Meridian; -ArÞB-thelubfirtar, 
AF the ſtyle, by the rules before given in the 
10and 13 Chapt. omitting what is done for the 
lincof fix, being here of no conſequence. 

- 2, Findethe plains difference of Longitude by 
the 18 Chap. following. 

3. Aſſumeanytwo points in the ſubſtilar AE, 
as at RandS, and through them draw twoinfinite 
right lines, at right angles ro AE, 

4. To the ſtyle AF, draw the parallel GH, 
at wy convenient diſtance, ſuch as you ſhall think 


fir, for your new ſtyle 10 ſtand from your plain. 
5. Take thelcaſt diſtance trom R to G H, and 


ſer it upon the ſubſtilar from R ro K, So from Sto 


GH, ct from S to L, 


G6. Upon s 


1 | 


Of far decliners. Chap. 17. 


6. Upontherwocenters K and L, deſcribe two 
Circles : And in them both, make the two an- 
glesR KM, S LM, <quallto the plains difference 
of Longitude, and ſer it on that fide the ſubſtilar 
R S, upon which the Meridian A B ſtandeth. 

7. Thereſt of the work will be cafic to finiſh, 
if you begin (in each circle) from thepoints at M, 
to divide them into 24 equall houres, and from 
the centers to thoſe equall divifions, draw our lines 
ro-cnr their reſpeRive contingent lines in 12, 11, 
x0, &c. And from each correſpondent houre, you 
muſt drawchelines 12 12, 11 11, 10 10, &c, 


Chap. 17. Of far (dechiners. "Mp 


Difference of Longitude $24 oF 


An Upright Plaine declining from 
South towards Eaft 8ogr. 
- 6 


South Pole clevated 6 13 
I CHAP. 


of declining reclining Dials, Chap.1 8, 
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CHAP, XVIII. 


Having the Latitude of the place, and 
the plains declination, to finde the 
plains difference of Longitude. 


T muſt be underſtood, that the plain.is ſuppoſed 
(in this work) to be alwayes ere; and that 
therefore for 3 
declination here mentioned is meant of the new 
Latitude and new declination. 


clining plains, the Latitudeand 


Two wayes to dot it. 


o Make ABC aright 
angle. 
A B Sine of new La- 
titude, 
B C Tangent ofnew 
declination. 2 
BAC is the diffe- 
. renceof the plains Lon- 
gitude' from your Me- 
ridian. 


Make 


Chap. 19. Of Pola, plains. 59 


Make DEFa F IT. 
right;angle. 4 
DIE Radius. - 


E+G Sincof new 
Latitude. 

E F Co-tangent 
of plains new decli 
nation. 

Draw GH pa- 
rallelco D F. 

HDE is theD 
complement of the 
difference of Longitude. 

Or D HE isthe difference ir felfe. 

If this work be done for upright plains in your 
own Latitude, which will be needfull in far decli- 
ners, then inſtead of the new Latitude and new De- 
clination here mentioned, youare to uſe your own 
Latitude, and the upright plains Declination. The 
G__ and tion are for re-in-clining 
P 


— 


bl 


Of Polar Plains, onwhich tbe Pole i 


not elevated at all. 
| neither of the rwo Poles is clevated at all, 
but theplaine lies paralle} ro the Axis , ſuch 

arethe upright Eaſt and Weſt: and 1n cvery decli- 
I 2 nation 


D—_—_— 4 —— 


Hoſe are called Polar plains, upos which 


To prick down the houres Chap.:0. 


nation from the South ſome one recliner : in every 
declination from the North ſome one Incliner. 

Thenew declination of all Polar plains is their 
difference of Longitude, in theſe you muſt work 
by the 10and 14 Chep. to place A B the Meridian, 
A E the ſubſtilar, & for the ſtyle A F,irhath no cle- 
vation from the ſubſtilar, but is rhe ſame with ir. So 
that the work will be much likethart in the 17 Chop, 

Make G H forthe {tyle, parallel to the ſubſtyle 
AE, at ſome convenientdiſtance, Then affigning 
_ pointin theline A E, as S, through it draw an 
infinite right line perpendicular to A E, And rake 
the leaſt diſtance from S tro G H, make $ Lequall 
therero, Upon Ldeſcribea circle, and make SLM 
equal] rothe difference of Longitude, on the ſame 
Coaſt from $S L unto which the plain declinerh, or 
to the ſame Coaſt upon which the firſt line of :2 
namely A B ſtandeth, Then: —_— found the 
hopre. points upon the line which paſſerh through 
S, namely, 6,7, 8, 9, 1Q, &c. 'draw lines through 
thetn, all parallel ro the ſubſtilar AESL, 


—_— 


—_—CCC_ 
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CHAP. X X. 


Another way to prick down the boure- 


points , by the T angent line on the 
Scale, 


Ec thE-firſt four Seions of the 17 Chap» be 

[ performed according to the direRions there 
given, Aﬀter them , you muſt- gather the 
angles 


— -- 
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Chap.26? by the line of Tengents, 


|. con 


angles atthe Pole, by help of theplains difference 
of Longitude in this manner. Let the former ex- 
ample ſerve. The differcnce of that plains Longi- 
rude will ' be' $2 gr. of, 


Out of this, rake the greateſt "TE 
number of ſome juſt houxe, | 2 52 $52 
vie. 75 £Y. Theremainder | , 37 52 
is7 gr. 87, Having then 5 22 52 
ſer down theſubſtike 0000, | 5 7? $52 
as inthe Margin , write this Subſtyle 00 oo 
787. 8. next under it, to | - 7 08 
which adde 15 gy. continu- $ 22 ©O8 
ally, and you ſhall produce | g 37 08 
all the following numbers | 10 52 08 
as you there ſeethem. And | 1; 67 08 
notce,that inthis work 82g7. | I2 82 08 | 


$/. the difference of Longi- ©” 

tude will cver ſtand againſt the houre of 12, if you 
work right. Then take the firſtnumber 7 gr. 8”. 
our of 15 gy. the remainder is 7 gr. 52', ſer this 
above the ſubſtyle, and rothis number adde conti- 
nually 15 gr. (or one houre) the numbers will be 
produced foch as you here ſce, 

Whenthis is done, draw a right line, therein aſ- 
ſuming the point S or R, Then upon your Scale of 
Tangents, count thenumbers 7 08, 22 08, &c. 
inthe Table, and take them off from the ſame Scale, 
ſetting them ſeverally from Sto 4, b,c, d, e. So 
again, upon the ſame Scale of Tangents count the 
other numbers , 7 52, 22 52, 37 52, &c. and 


take them off thence ſcverally, and place them from - 


Afﬀccr: 


Sat f,g,9, 


To prick down the houres GChap.20. 


After this,take 45 gr. out of your Tangent Scale, 
and placeir upon-this line from. S ro K both waycs, 
Thea (as in the 19 Chep.,) take the lealt diſtance 

| x Ffromthepoine Scin 
4 -: yorr Diall)ro G H 
the fiduciall edge of 
| yourſtyle, and ſer- 
*® tingonefoot otthar 
.p Eextentupon K,wich 
the other defcribe 
the arke MP, and ' 
from S draw the 
lines SPonly touch- + 
ing the ſaid arks, 
Being thus fitted, 
you muſt from 4,6, 
c,d, e, take the leaſt 
diſtances to the line 
LP, and fer them 
(reſpeRively) upon 
the contingent line 
of your Diall, from 
Sto7,8,9,10, 11, 
Andagain, the leaſt 
diſtances from þ X 
h,i.tothe line S 
will give the poins 
6, 5 4z 3, upon the 
{amecontingentline 
of your Diall. Thus 
is one of the contin- 
gent lines divided 
into 


mas nsGes.g” >| 


- 


1a OO MG Io 1 
” 


=_ > of 
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Chap.20, byrhelineof T, agents. 
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done with the other. For you muſt take the leaſt 
diſtance fiom the point R(inyotr Diall)ro'G-H che 
fiduciall edge of your ſtyle, and ſetting one foot of 
that extent upon Kywrith theother delcribe the arke 
TV, and .draw the tough-line SV. Thenfrom 
4, 6,4, 4, e, meet ciſtifitciro SY, and (er 
them on your Diall from R roy, 8, g, 10, x1. 
So from f.2, b,4#; take the leaſt diſtances, and fer 
them from-R: to 6,5, 4; 3, by which meansyou 
havethe other contingent line divided into its rce- 
uifitchours.. The reſt of rhe work for finiſhing 
the Diall will bethe ſame with that the 17 Chop. 


into his the houres. The like work muſt be 


But becauſe the/rangents upomthe Scale goe but 
r0632£r. 26”, it muſt therefore here be ſhewed 
how thoſe that excret that quantiry may be ſup- 
plyed. Namely ehvs, Double the number:of de- 

reeyand minutes, and from the ſum rake'go gr. 
O ſhall the Tangent and Secant-of the: remaining 
arke(both of them pur rogerher) give the Tangent 
required. As it in the former example; it 'were rc- 
ured to findethe Tangenrof 67 gr. 8/noted upon 
t m_— the lengthS e, we muſt doe-thus. The 
double of 67 gr. 8/is 134 gr. 16/, from which take- 
ing 90 gr. the xemainder will be 44 g7. 16/, Accor- 
dingly we muſt fixft- take the Secant of 44 874 16”, 
and ſer ir from $ to yz thenrakethe,, Tangent of the 
ſame 44 £7. 16/, and ſet italſo nt, a 9 toe, 
ſo ſhal 
8/, asiSrequired. Thus doe for any other which 
ſhall goe beyond the Scale, 


| you have S e the whole Tangent of 67 gr.. 


CHAP.. 
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CHAP. XXI. 
A ſecond way for re-in-cliners. 


diſtance, is the diſtance of the plains pole 


7 © notice of theſe terms. 1. Verricall 
from the Vertex or Zenith of the place. 


2. Polar diſtance, is the diſtance of the plains. 


pole from che North pole. - | 
Preparatory works. 
The wajer bew to offelt 1. Draw the horizontall 


theſe are ſpewed echer- line upon the plain, and croſſe 
where, and are here ta- it, ar right angles with a Verti- 


ben as kyown. call line. 


2. Ger the plains :*-Clination, and conſequent- 
ly the diſtance of the plains Pole from the Zenith 
of the place: which is here called the Verticall 


diſtance. 
3. Get the plains declination, and alwayes ac- 
count how much it is from the North, For thar is 


here called the angle of Declination. 


Sacr. 


Chap.21. Of declining reclining Dials, 


I ncr. I, 


By the Scale of Verſed Sines, bow to 
finde the elevation oftbe Pole above 
the plain: and which Pole it i, whe- 
ther North or South, that is eleva- 


ted, 
The complement of your Lati- 


Firſt, finde the rude, 
ſumme and dif- 
ferenceof 


The plains« Verticall diſtance. 


D 


Thentake halfe the length of your Verſed Scales 
and with that Radius (upon the center C) deſcribe 
the Semicixccle A D B. Aftcrwards , upon the 
ſame Scale, count the former ſurme and nce, 
and rake the lengrh betwixt —_ and ſcrir from A 

ro 
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to D, and draw B D. Alſo connt (upon the ſame 
Scalc)the angleot the plains declination, and ſer 
thar length from B to E, and ake-the leaſt diſtance 
fromEroB D. This leaſt diſtance being rightly 
applyed to the Scale, namely,from the fore-named 

ifference torward upon the Scale, will give the di- 
Nance of the plains Pole from the North Pole, 
whichis tobe made uſe of hereafter , and is called, 
The Polar diſtance. 


R C E. | A. 


D 


And obſerve likewiſe, that 

If the point of your Compaſſes (applyed to the 
Scale) doe fall juſt upon go, then is your 
plaina Mcridionallor Polar plain , and hath 
no polcelcvated above ir. 

IF it fall ſhort ot go.. then is the North Pole ele- 
vated , and the elevation is ſo much as che 
point fals ſhort of go, 

If it fall beyond go, ſo much as it falls beyond, 
ſo muchis the SourhPole clevarcd, 

Y | S BCT», 


A et 


Chap. "=. declining reclining Dials. 


— 
"— — — — — — — — — 


I CT. 3. 
T o fin1e the plains difference of Longi- 
tude from theSouth part of your Me 
ridian, and which way tbe ſaid diffe- | 


rence of Longitude is tobe taken. 
- The complement of your 


Firſt, finde the ſim ) Laricude, 


and diffe CES The fore-mentioned polar di- 


ſtance. 


Then make AB equall co your whole line of 
Verſed Sines. And vpon your Scale count your 
difference now found, and rhe fore-mentioned ver- 
- ticall diſtance, taking the diſtance of theſe ewo as 
they arc numbered upon the Scale. With which 
length upon A, deſcriberhe arch C D. Take alſo 
upon the Scale, from the verticall diſtance to the 
fore-mentioned ſum, and with that length upon B, 
deſcribethearke EF, Then drawtheline F C, fo 
as to touch both theſearks , cutting the line A Bin 
G: ſo ſhall A G (being meaſured upon the Scale) 
give the plains difference of Longitude from the 
South, which is hererequired. 

C This difference of Longitudeis tobe taken to 
the ſame Coaſt in the heavens unto which the plain 
declineth, and may afterwards, in the deſcription of 
the Dial], be cafily accountedeither from the South 
or North part of the Meridian, viz, {o as that the 
ſaid difference may be alwaycs leſſothan go gr. 

K 2 


SuCr. 
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$8 CTe 3. 

To finde bow much the Subſlilar (or 
plains x” 2 Meridian) muſt lie 
from the / erticall line of the plain, 
and which way. 


ſummeand dif- 
ference of 


The Verticall diſtarice. 


Firſt, Finde 72 Polar diſtance, 


Scale , take from the complement of your Latitude 


Then make A B cquall ro your whole Verſed 
Scale. And onthe ſame Scale, take the extent from 
the complement of your Latitude to the difference 
now before found, with which length , upon A as 
the center, deſcribe thearke CD. Alſo upon the 


c0 
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to the ſumryge here before tound , and with thar 
length , upon the center B, deſcribe thearke E F. 
then drawthe line F C, juſtly touching both theſe 
arks,andcutting the line ABinG, ſo ſhall AG 
(being applyed ro the Scale) give the quantity of 
the angle here required, According to this angle 
the ſubſylar line muſt alwayes ſtand off from the 
veiticall line of the plain, 


Which way muſt the Subſtilar lie from 
d | the Vertical line. 


If the plain hath the North Pole elevated upon 
it, then muſt the (ubſtilar alwayes lic from the 
upper end of the Verticall line towards the 

orth Pole , ſo much as the angle was (inthe 
laſt Sefion) found ro be, 


If the South Pole be elevated, then the ſubſtilar 
lyeth alwayes from thelower end of the ver- 
ticall line towards the ſame South Pole,accord- 
ing to the forenamed angle, 


If the plain be Meridionall (upon which neither 
of the Poles isclevared) then the ſubſtilar muſt 
doe cither, or both, theſe two: according to 
the angle before found. 


According to theſe Rules you may place the ſub- 
ſilarline upon the plain in irs true poſition requiſite. 


Sn cr. 
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T odraw the boure- lines upon the plain. 


Irſt, conſider by the firſt of theſe SeRtions, 
Þoane it is the North or South pole that is 
clevared upon your 'plain. If 'it bethe North 
pole,thenmuſt the center of your Diall ſtand down- 
ward, and the ſtyle muſt point upward to the ſaid 
North pole. Bur if the South pole be clevared, 
then thecenter of the Diall is ro be ſer upward, aad 
the ſtyle comming from thence muſt point down- 
wardsinto the South Pole. 
This being remembred, you may upon paper draw 
the right line ACB, and upon C as the center, 
with the extent oftheline© taken from your Scale, 


deſcribe a circle, Ifthen CI Foe be cle- 


Chap.21. of declining reclining Dials, 
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belowatB, 
| aboveart A, 
and the poles oy" Re from theScale ©) muſt 

... Aand > 
be ſet betwixt Wand C 
Then (counting halfe your Verſed Scale as a line of 
90 Chords, beginning at go, and ending at 00, Or 
180) from that end of the diameter A or B which is 
the center of your Diall, ſer off your difference of 
Longirude(raken our of the Verſed Scale as it was 
now taken for Chords) that way to which the plain 
declineth, ſctit off ar M, this point M is the point 
of 12. Thentrom M, divide your circle into 12 c- 
quall parts, ar 4,6, c,d4,e,f,g,h,i,k,l, and from 
each of thoſe points through the point ©, make 
rouches of righr lines, cutting again the ſame circle 
an the oppolite part into 12 unequall parcs. 


vared, let- the center of your Diall beg 


, namely, at the mark ©. 


4 


UT CT 
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Ti 
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Laſtly, From the center of the Diall A or B, 
and through the ſaid unequall parts, draw right 
lines. Theſe laſt lines ſhall give you 12 of your 
houres required : And if you draw each of them 
quicechrough the center , you ſhall have the whole 
number of 24, of which, you may take ſuch as are 
ſurable and neceſſary for your plain. 

When your paper Diall is thus finiſhed, you may 
transferit to your plain, by laying the ſubſtilarupon 
(orparallelco) the ſubſtilar before placed upon the 
plain, and ſoinſert all the houres from the paper to 
the plain. 

Aker all this, you may make the ſtyle to the 
angle of the Poles elevation, and firit in according 
co its requiſite placeand poſition, 


C Note, that becauſe ſomeof the hourepoints 
found inthe Circle will happen ſo neere 
ro the center of the Diall that you can- 
not well draw the houre-lines true , you 
may therefore help your ſelfe by that 
direion which I have givenin my Ge- 
ometricall way. 


[*© This Geometrical! way ſhall ſhortly be pyb- 
& liſhed by the Authors own copic, with his own 
& Demonſtratigns of the whole work. ] 


For drawing houres upon plains that have ſmall 
elevations, and upon Polar plains, uſe the former 
dircions, 


CHAP 
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CHAP. XXII. 


A third way for all re-in«clining Dials. 


SC ncrY. 1. 


To finde a re-in-clining plains diffe- 

"os of Longitude > Za the $ oe 

- part of your. Meridian : and how 

much tbe plains Meridian or (Jub- 

fiyle )muſt lie fromthe V erticall line 
 . of the plain. 


— 


—m— 


Complement of your Latit. 
Plains verticall diſtance. 


——— 


Their Samme, 
Their Difference. 


Their balſe Summe. 
Their balfe difference. 


Ill. 


69.15 R compl. 20 45 V 
30.45 S.compl. 59.15 X 


49-15 R comp. 40.45 V 
lo 45 5 compl. 7g.15X 


— —————————_  — 


Plains deC/inat. ſrom Sou. 


(0-00 Y 


1146 oo Y 


33 3oK 
30 co Z 


68 30 
8 30 


CO — OD ———————_ 


4.15 S compl.85.45.X 


——— 


[+ 5 Reomp/.55.45 V 
l 


60 00 Y 


I et Em 


Deſcribe a Circle with your common (or leſſer) 
Scale of Chords. 


L And 
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And our of the ſame Scale make A Y =plaing 
declination from South. 
Our of the line © make AR =R, 
and AS=S, & draw YRM 
and MSB 


andmakeAD = AB. 
Our of the ſameline © make AV=Y, 
and AX=X,and draw 
YVN,andN XC. 


CAD is the differ. of 
Longitude required. 
: "JUTE 
C Then if K be leſſe than Z C B is theangle be- 
rween the ſubſtile & 
the verricall line. 


CAD is the forc- 
| mentioned anglc. 
C But if K be greater than Z and 
'c B is the Cifference 
of Longitude, 


Theſetwoatks C D and C B, muſt be meaſured 
from go in theline of Verſed Sincs, and looke what 
number of degrees they there cur , the ſame muſt be 
accounted for their quantities. 


Chap.z: 2 Of atclining niclining Diatr, 


SO nCrt. 2. 


To - the elevation of the Pole a- 

ove the plain: and which of the 

Poles it is, whether North or South, 
that s elevated. 


| pe A Bupon the Verſcd Sines (from 90) 
as before: the complement of that is E B. 
Meaſure alſo E C upon the ſame Scalc, in the ſame 
manner, Count theſe quantities EB and EC (fo 
found) upon the line ©, and ſerthem from E, to F 
and G, and make Er = R (raking E r out of the 
Scale of Verſed Sines from go) Draw r F O, and 
O GP. MeaſureE Þ upon your Scale of Chords, 
it will there give you the polar diſtance, 


If E Pfall tobe go, it is a Meridionall plain, and 
|  hathno Pole elevarcd. 
If it be lefſerhan go, the complement of it is 
the elevation of the North Pole. 
If it begreater than go. the exceſle is the eleva- 
tion of the South Pole, 


C Note, that the three figures following have 


relation to the three Columns of the forego- 


ing Table; agdgotheſcrulcs laſt delivered. 
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Which way muſt the Subſtilar lie from 
the Verticall line? 


'F2> Rules are the ſame with thoſe before in rhe 
ſecond way of Dialling, where the ſame Que- 
ſion is propounded. You may therefore have re- 
courſe to them. Or thus. 


Uponall plains whereonthe 


North pole Sourh pole 


isclevated ; the ſubſtilar muſt 
lie from the 


1 


es ECP" "OY 
upper end lower end 
C — ud 


of the Verticall line 
towards the full 


P—_—y , CIR 


North, x South, 


For drawing the houres, and finiſhing the Diall, 
you muſt doe gg3s preſcribed in the g®. See?, of the 
tormer ſecond may... For, having placed the Subſti- 
lar, and knowing tplains difference of Longitude, 
you are to uſe the ſame courſe here that was there 
JIVEN, 

It will be caſie rodoe theſe things in plains that 
are upright, and have no re-in-clination, 


.80 of declining reclining Dials. Chap. 22; 
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Note in all theſe three wayes of 

' Dialling. 
All direQions here given ſuppoſe you to be inthe 

Northern Hemiſphere of rhe world. If rcherefore 

you ſhould be inthe Southern Hemiſphere, 

you may caſily make theſe precepts ſerve 
there too,by anly altering the name 
of North, Northen, &c: and 
South Sourhern,&c. 


one into the . 
other, 


This Scheme hath relation tothe 
16", Chapter, page 54- 
z | 


F 
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: Fg Errata. 
''.,” Page 32,inthe Diagram, for HP G, read HE G. 
| Page 51, for, If D fall into E,read,It D fall into MB. 
Page54, line 16, for For, read From, 
In the Piall Page 57, attheother end of the line 
M, place theletter K upon the Subſtilar, 
Page 62,linc 19, for L P,readSP. 
In the Diagram page 76,the letter R is wanting, at 
O—_ oftheline Y M, with the line 


P  o pr + SS ai 


4 
Pd 


